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(54) SELF LEARNING DIAGNOSIS FOR PLANT, ESTIMATION AND DEVICE THEREFOR 

(57)Abstract: 

PURPOSE: To permit the self repairing of parameter and 
improve the estimation precision by optimizing the model 
parameter from the measured value of a plant and the 
corresponding analytical value and carrying out self 
learning. 

CONSTITUTION: After the simulation using the initial 
input based on the plant design is executed, the 
operation parameter 10 and the state quantity 11 
measured for a restricted period are read in 2, and the 
analytical value through the simulation and the state 
quantity 1 1 are compared, and the existence of annmaly 
is judged 6. When no anomaly exists and the number of 
data of the state quantity 1 1 exceeds a prescribed 
value, the model parameter is automatically optimized 3 
so that the differential square sum between the data 
value and the corresponding analytical value becomes 
min. After the optimization, the correlation between the 
left difference and the whole state quantity 1 1 is 
analyzed 4, and the state quantity 1 1 in the strong 

correlation is added to the variable for the newly calculation of model parameter, and self 
learning 5 is performed/When anomaly is detected, the cause of the anomaly is identified on the 
basis of the difference between the estimated value which is calculated beforehand and the 
state quantity 1 1, and the constitution equipment, life of material, or the cumulative quantity of 
the radioactive is estimated 7 from the model parameter value in optimization. 
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< Partial translation > 



----- In the above variables, C, C f , F f , R and r 2 are 
quantities of states (hereinafter, state quantities) 
measurable during operation of a reactor plant; M, A, V ± are 
state quantities of structures (a fuel rod, etc.) which can be 
measured when the structures are taken out of a reactor while 
it is stopped for a periodic inspection; V, S 1 and S 2 are plant 
parameters which are specific to the plant; A, G and Gi are 
physical constants which are determined according to types of 
nucleuses in radioactive corrosion products; and X, Y, ^p 1 , 
Cp 2 / Sp 1 ' 5 p 2 and P are model parameters in principle. Note 
that, since it is difficult to distinguish m 1 and m 2 (amounts 
of corrosion products) (because it is difficult to determine 
whether corrosion products are adhered from water- side, or 
produced by corrosion of a structure material) , they are 
quantities which are difficult to measure. 

[0008] 

A procedure for self -learning diagnosis and a prediction 
method will be explained with reference to Fig. 4. At the 
beginning, based on plant design parameters, plant parameters 
V, Si and S 2 , physical constants A, G and Gi, and model 
parameters X, Y, ^ p \ < p 2 , 5, 5 P \ 5 P 2 and 3 are set to be 
initial input data for simulation. Next, the simulation is 
carried out by use of the initial input data. Initial setting 
is completed upon completion of the simulation, and a process 
for collecting data from the operating plant and a process for 
diagnosing the plant are initiated. First, the operation 
parameters such as an output and an amount of feedwater, and 
measurable state quantities such as concentration of corrosion 
products in feedwater and reactor water C, C f , R and radiation 
accumulated in structure materials out of the reactor Y 2 are 
read from the plant. Based on the operation parameters, it is 
judged whether the plant is in steady operation. During non- 
steady operation, since it is not possible to carry out 
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diagnosis until accuracy of the simulation model is increased 
to a predetermined level, the procedure returns to the 
collection process for collecting next data. During steady 
operation, judgment for determining whether an abnormality 
exists is carried out by comparison of analyzed values and 
measurable state quantities. In the case that an abnormality 
does not exist, if the number of pieces of data, each of which 
represents a measurable state quantity, exceeds 5, the 
procedure enters self -optimization process of model 
parameters. If the number of pieces of data is insufficient 
for the process (for example, less than 5), the procedure 
returns to the data collection process. in this example, 
actual measured values of state quantities during an abnormal 
state and a transitional operation state of the plant are 
excluded. Next, if the sum of squares of the analyzed value 
and actual measured value which are obtained after completion 
of the model parameters self -optimization process exceeds a 
predetermined threshold value, the procedure enters a process 
for self- learning of a model. If the obtained value is 
smaller than the threshold value or when the self -learning 
process is completed, the procedure returns to the data 
collection process. On the other hand, when an abnormality is 
detected/confirmed, the procedure enters a process for 
diagnosing the abnormality and predicting events/effects 
caused by the abnormality. Upon completion of the process, 
the procedure returns to the data collecting process. The' 
model parameters self -optimization process, the model self- 
learning process, and the abnormality diagnosing process are 
carried out periodically or when needed. Also, for the 
measurable state quantities used for self -optimization of 
model parameters, state quantities measured during a defined 
period are used. 
[0009] 

A procedure for diagnosing an abnormality and predicting 
events/effects caused by the abnormality will be explained 
with reference to Fig. 5. A measured state quantity and a 
predicted analyzed value are compared and, if a result of the 
comparison exceeds a predetermined threshold value, the 
procedure enters an abnormality diagnosis process.' In the 
abnormality diagnosis process, first, a deviation pattern is 
generated based on the measured state quantity and the 
predicted analyzed value. In the deviation pattern of an 
example shown in Fig. 15 (Table 1) , values of ratios of the 
analyzed values and actual measured values for one state 
quantity are classified into six symbols (++, +, -, --, 0 ) 
Symbol patterns corresponding to the number of state 
quantities to be measured are made. In Fig. 15, »++» 
represents a value of "ratio > 2" (the ratio is 'greater than 
2), " + " represents "2 > ratio > 1.5", »-" represents "0.67 > 
ratio > 0.5", "--" represents "0.5 > ratio", »+-» represents 
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"0 > ratio", and "0" represents "1.5 > ratio > 0.67". Note 
that the ratios and the number of classes in classification 
other than this example can be used. An example of a 
deviation pattern when detecting an abnormality is shown in 
Fig. 16 (Table 2). In this example, ten measurable state 
quantities in water in the reactor are considered; that is, Fe, 
Ni, Co, Cr and Na, and radioactive products 54 Mn, 58 Co, 50 Co, 
51 Cr and 24 Na. After the deviation pattern is made, "a change 
pattern" at the time that the model parameter changes and "the 
deviation pattern" are compared, for selecting a model 
parameter which has the highest degree of coincidence. Fig. 
17 (Table 3) shows an example of a change pattern. A 
definition of the change pattern is shown in Fig. 18 (Table 4) . 
The model parameter in Fig. 17 which coincides with the 
example shown in Fig. 2 is "increase (in speed) of corrosion 
of Inconel in a reactor". Next, data indicating the cause of 
change in the model parameter having the highest degree of 
coincidence is retrieved from a knowledgebase, which is 
constructed in advance, and the retrieved data is presented to 
an operator. In the above example, in response to the data 
indicating "increase (in speed) corrosion of Inconel in a 
reactor", data indicating cause "fretting wear of a fuel 
spacer" is retrieved from the knowledgebase, and the retrieved 
data is presented to the operator. In this manner, cause of 
an abnormality is determined. Next, an amount of change of a 
parameter, which will be appropriate for a newest actual 
measured value, is derived based on the changed model 
parameter, and, by carrying out of a simulation using the new 
parameter value, an event/effect caused by the abnormality in 
the future is predicted. In the above example, the 
events/effects caused by the abnormality are an increase in 
the amount of radioactive nucleuses accumulated in structure 
materials due to an increase in radioactivity in water in the 
reactor and, resultant ly, increasing of a dose equivalent rate 
on the surface of equipment of a primary cooling system. As a 
result of the prediction, if it is predicted that the dose 
equivalent rate will increase more than 10%, it will be 
determined that the predicted matter will affect the radiation 
exposure dose at the time of the next routine inspection. 
Thus, the event/effect (increasing of the radiation exposure 
dose) is quantitatively indicated, and guidance for 
eliminating the cause of abnormality is presented. More 
specifically, if it is predicted that the amount of wear is 
large and it adversely affects the condition of the fuel rod, 
countermeasures , such as lowering output of the reactor or 
stopping the operation of the reactor and replacing the fuel 
assembly or the like, are presented. If a problem of 
radiation exposure only is predicted, countermeasures, such as 
increasing the strength of shield when carrying out the next 
inspection or the like, are presented. If an event/effect 
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caused by the abnormality will not be critical, such a 
prediction is presented, and the procedure for diagnosing an 
abnormality and predicting events/effects will be terminated. 
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Translation of Figs. 4, 5, 15, 16, 17 and 18 of 
Japanese Patent Application Public-disclosure No. 
289179/191994 (Reference 1) 



[Fig. 4] 

(1) Procedure for self learning diagnosis and prediction 
method 

(2) Setting an initial input by using reference model 
parameters based on plant design parameters, and executing a 
simulation 

(3) Reading plant operation parameters and measurable 
parameters 

(4) Steady operation? 

(5) Abnormal? 

(6) Diagnosing for cause of an abnormality, and predicting 
events/effects caused by the abnormality 

(7) whether the number of pieces of data, each of which 
represents a steady condition, is greater than 5; wherein 
each piece of data represents a quantity of state 

(8) Self -optimizing of model parameters 

(9) Whether sum of square is large 

(10) Self -learning of a model 
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[Fig. 5] 



(1) Procedure of diagnosis 

(2) Making a deviation pattern, based on a value representing 
an actually measured quantity and a value (analyzed value) 
which is predicted 

(3) Based on a result of comparison between "a change 
pattern" at the time that a model parameter changes and "the 
deviation pattern", selecting a model parameter which has the 
highest degree of coincidence 

(4) Retrieving data expressing cause of the change of the 
model parameter (having the highest degree of coincidence) 
from knowledge base (which has been made in advance) , and 
indicating/showing the data expressing cause of the change to 
an operator 

(5) Carrying out a simulation by using the changed model 
parameter, and predicting events/effects caused by the change 

(6) Whether the events/effects is significant/large 

(7) Indicating/ showing the predicted events/effects, and 
displaying a guidance for eliminating the cause of an 
abnormality 

(8) End of the abnormality diagnosis and prediction process 



[Fig. 15] 

(1) Example of a definition of a deviation pattern (Table 
1) (Fig. 15) 

(2) Pattern 

(3) Note that yi is an analyzed value of an i-th measurable 

quantity of state, and vi is an actual measured value of an i- 
th measurable quantity of state 
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[Fig. 16] 



(1) Example of a deviation pattern at the time that an 
abnormality is detected (Table 2) (Fig. 16) 

(2) Quantity of state 

(3) Pattern 



[Fig. 17] 

(1) Example of a change pattern (Table 3) (Fig. 17) 

(2) Increase of corrosion of stainless steel in a reactor 

(3) Quantity of state 

(4) Pattern 

(5) Increase of corrosion of Inconel in a reactor 

(6) Increase of corrosion of stellite in a reactor 

(7) Increase of concentration of iron in feedwater 

(8) Increase of concentration of nickel in feedwater 

(9) Increase of concentration of cobalt in feedwater 

(10) Increase of concentration of chrome in feedwater 



[Fig. 18] 

(1) Example of a definition of change pattern (Table 4) (Fig. 
18) 

(2) Pattern 

(3) Note that Yj_* is a sum of previous analyzed values of the 
i-th measurable quantities of states 
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(10) 
[04] 
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